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Abstract: MicroRNAs (miRNAs) are a conserved
class of small, 17-25 nucleotides long, noncoding
RNAs. They act as controllers of gene expression pat-
terns, either by blocking translation or inducing miR-
NA degradation by sequence-specific hybridization.
Several miRNAs have been proposed as potential dise-
ase-specific biomarker in cardiovascular diseases. The
diagnostic value of assessing circulating miRNAs lev-
els has been evaluated in numerous studies, mainly re-
garding acute myocardial infarction. Initial promising
results from preclinical studies suggest the potential
for future miRNA-based therapies. In our review, we
focus on the current developments showing the role of
miRNAs in the acute myocardial infarction, emphasiz-
ing diagnostic utility of miRNAs as promising new bi-
omarkers of AMI and their therapeutic potential.

Key words: microRNA, myocardial infarction, cor-
onary artery disease, myocardium, gene expression re-
gulation.

INTRODUCTION

Sequencing the human genome has emerged as
one of most futuristic research tools at the start of this
millennium. Among many breakthrough data, resear-
chers revealed that, surprisingly, only less than 2% of
total human genomic DNA sequences contain pro-
tein-coding genes information (1, 2). Current evidence
indicates that significant part of the remaining DNAse-
quences is involved in the production of noncoding
RNAs. It is thought that up to 96% of the cell RNA is in
fact non-coding RNA which is mostly engaged into re-
gulatory processes modifying the information flow
from DNA sequence to protein structure (2). MicroR-
NAs (MiRNAs) have been found to be one of the abun-
dant classes of gene regulatory molecules (3), and the-
refore the old paradigm about proteins as main gene
expression regulators has been overthrown. As a new

pivotal element of human transcriptome regulation,
and consequently important modulators of many
physio- and pathophysiological processes, miRNAs
are fueling new era of research in the field of cardiova-
scular diseases.

Among all cardiovascular diseases acute myocar-
dial infarction (AMI) remains a leading cause of death
worldwide. Despite the improvement of therapeutic
approaches, AMI is still associated with severe
long-term complications, such as development of chro-
nic heart failure. Therefore, the development of new
therapeutic approaches and deeper molecular under-
standing of pathological processes involved into acute
myocardial ischaemic damage are crucial for both ba-
sic cardiovascular and clinical research.

miRNA — THE BIOGENESIS

AND FUNCTION

MiRNAs are small, evolutionary conserved small
ribonucleic acid molecules (17-25 nucleotides in
length) which have recently become the focus of inten-
sive research effort among the different noncoding
RNA variants (3, 4). They interact with specific, com-
plementary coding mRNA targets and substantially
contribute to post-translational mRNA regulation by
either blocking translation or inducing degradation of
the target mRNAs (5). Recent evidence indicates aro-
und 2000 miRNA types existent in humans (the current
release of miRBase ver. 21, available at the website
www.miRBase.org contains 1,881 precursors and
2,588 mature human miRNAs), which are thought to
regulate more than half of the protein-coding gens in
humans (6). Genome-wide studies focused on the rela-
tionship between miRNAs, mRNAs and protein output
have shown their regulatory function. The degradation
process of miRNAs targets is a widespread phenome-
non and accounts for most of the miRNA-mediated

DOI:10.5937/sanamed1502127M

UDK: 616.127-005.8-074:577.113

2015; 10(2): 127–135 ID: 216793356

ISSN-1452-662X Review paper



protein repression (66-90%) observed in cultured cells
(4, 7–9). Moreover, the vast part of these miRNAs is
tissue-specific (10), what makes them even more at-
tractive and at the same time challenging research tar-
get. Furthermore, miRNAs are secreted into the extra-
cellular space and circulation (via exosomes or micro-
vesicles), where are easily accessible to measure as po-
tential biomarkers in a range of cardiovascular diseases
(11–13).

The detailed miRNAs biogenesis has been discov-
ered only recently. The majority of miRNAs genes are
initially transcribed to long primary miRNAtranscripts
(pri-miRNA) by RNApolymerase II and RNApolyme-
rase III. This precursor hairpin pri-miRNA are subse-
quently spliced by microprocessor complex which
contains Drosha (ribonuclease III) (14, 15), and its size
is reduced to 70-100 nucleotides in length — pre-miR-
NA. Then, pre-miRNA is exported from the nucleus to
the cytoplasm by exportin-5 to be cleaved by Di-
cer-complex resulting in small, double-stranded miR-
NA duplex. Further interaction of Dicer-complex with
other proteins leads to dissociation of the miRNA du-
plex into the functional strand (which is complemen-
tary to the target-mRNA) and the passenger strand
(which is mainly subsequently degraded). The mature
functional strand of miRNA is incorporated together
with Argonaute-2 protein (AGO2) into the RNA-indu-
ced silencing complex (RISC), which performs gene
silencing by either translation inhibition or promoting
of target mRNA degradation (3, 5, 15). Moreover, cy-
toplasmic pre-miRNA can be incorporated into small
vesicles — exosomes, whose origin are endosomes,
and then within exosomes can be released from cells
by fusion with the plasma membrane. Another source
of circulating miRNA (pre-miRNA or mature miRNA)
are miRNA loaded microvesicles, which are released
from the cytoplasme through the direct plasma mem-
brane blebbing (16). Moreover, miRNAs can also be
present in circulation in its vesicle-free form, as combi-
ned with high-density lipoproteins (HDL) or bound to
RNA-binding proteins (such as AGO2) (16).

MiRNAs AS BIOMARKERS OF AMI

Up to date, creatine kinase-MB (CK-MB) and car-
diac troponins (cTn) are still the most frequently used
biomarkers for AMI, however, their clinical utility in
many cases remains limited. In the past few years, the
important role of circulating miRNAs in the cardiovas-
cular system has been widely investigated. The impor-
tance of miRNAs as intercellular messengers has risen
with proposed potential use as circulating biomarkers
(12, 16, 18) after they were detected in various body
fluids (serum, plasma, saliva, tears and urine) (17). Re-

cently, it was also discovered that miRNAs circulating
in the bloodstream are resistant to RNAse degradation
and remain remarkably stable in stored samples, boil-
ing water, in solution with very high or low pH (16,
19). Moreover, plasma miRNAs remain highly stable
when subjected to prolonged room temperature storage
or even multiple freeze-thaw cycles (20). The extraor-
dinary stability of miRNAs in circulating blood is due
to the fact that circulating miRNAs are mainly incorpo-
rated into exosomes, microvesicles, and apoptotic bod-
ies as well as they form stable complexes with
RNA-binding proteins and HDL lipoprotein (11, 13,
19). After miRNA biomarkers were indicated as poten-
tial biomarkers for cardiovascular diseases, enormous
efforts have been made to improve the detection tech-
nologies and quantification has become readily acces-
sible (21–23). Therefore, the accurate, rapid, conveni-
ent and inexpensive analytic instruments to detect
miRNA may be used in clinical practice in the near fu-
ture. To date, the role of miRNAs as biomarkers has
been documented for many different cardiovascular di-
seases, such as heart failure, cardiac hypertrophy, hy-
pertension, atherosclerosis and myocardial infarction
(12, 24, 25). Some specific circulating cardiac-enric-
hed or cardiac–specific miRNAs (miRNA-208, miR-
NA-499, miRNA-133) may provide additive diagnos-
tic value as biomarkers for AMI diagnosis (26).

miRNA-208

MiRNA-208 is a highly cardiac-specific miRNA
(18). This intronic miRNA is coexpressed with myosin
genes (27). There are two subtypes of miRNA 208
(miRNA 208a and miRNA-208b) and both have been
shown to be upregulated in AMI, however the miR-
NA-208b studies have been described more frequently
in humans (28). MiRNA-208 appears in the bloodstre-
am relatively fast after the AMI onset (29) and become
detectable within 1-4 h of symptoms onset, when car-
diac troponins are still below the cut-off value (30, 31).
The proposed explanation for this phenomenon is the
fact that cardiac troponins are mainly bound to myofi-
brils and only small part of them is cytosolic, whereas
miRNAs as bound to protein complex are predomi-
nantly cytosolic (25, 30). Zile et al. investigated tem-
poral changes in specific miRNAs and concluded that
miRNA-208a was still significantly elevated 5 days af-
ter AMI and remained upregulated up to 90 days after
AMI (32). The superiority of miRNA-208 to cardiac
troponin I (cTnI) in early diagnosis of AMI has been
also shown by Wang et al. In their study evaluating set
of miRNAs (miRNA-1, miRNA-133a, miRNA-208a
and miRNA-499) elevated levels of miRNA-208 were
observed in all of patients within 4 h of the onset of
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AMI symptoms contrary to cardiac troponin I (cTnI)
which was elevated only in 85% of AMI patients (30).
In receiver operating characteristic curve (ROC) anal-
ysis miRNA-208a revealed the highest specificity
(100%) and sensitivity (90.9%) for distinguishing
AMI from other cardiovascular disorders (30). Note-
worthy, miRNA-208a is undetectable in plasma from
patients free of cardiovascular disease, but including
patients with trauma, chronic renal failure, stroke and
acute kidney injury (30). Similar results were presen-
ted for miRNA-208b by Corsten et al. (33), who dem-
onstrated that miRNA-208a expression helped discri-
minate between patients with ST segment elevation
AMI (STEMI) and non-ST elevation AMI (NSTEMI)
patients (34). Li et al. investigated the altered profile of
serum miRNAs in AMI patients at a relative early sta-
ge. They identified a profile of six serum miRNAs
(miRNA-1, miRNA-134, miRNA-186, miRNA-208,
miRNA-223, miRNA-499) as AMI biomarkers, and
miRNA-208 and miRNA-499 in their study were sur-
prisingly overexpressed in angina pectoris patients in
comparison to AMI cases (35). In other study on relati-
vely large cohort of 424 patients with suspected acute
coronary syndrome, miRNA-208b discrimination of
patients diagnosed with AMI from non-AMI was accu-
rate (AUC = 0.82), but significantly lower than for car-
diac troponi T (cTnT) (AUC = 0.95) (36). Although the
increased level of miRNA-208b was also strongly as-
sociated with early mortality and heart failure within
30-day (OR = 1.8; 95%CI: 1.4-2.2), this association
was lost after adjustment for cTnT (36). Similar find-
ings were observed in a prospective, international mul-
ticenter, blinded study by Devaux et al. on 1155 sub-
jects presenting witch acute chest pain to the emer-
gency department. The authors investigated the diag-
nostic value of six circulating miRNs (miRNA-133a,
miRNA-208b, miRNA-223, miRNA-320a, miR-
NA-451 and miRNA-499) and have found signifi-
cantly higher levels of miRNA-208b, miRNA-499 and
miRNA-320 in AMI patients. From all studied miR-
NAs, miRNA-208b provided the highest diagnostic
accuracy for AMI (AUCmiRNA-208b = 0.76; 95%CI:
0.72-0.80), but was lower than cTnT (AUCcTnT = 0.84)
or high sensitivity cardiac troponin T (hs-cTnT)
(AUChs-cTnT = 0.94). Furthermore, miRNA-208b levels
were higher in patients who died within 30 days, but its
prognostic value for predicting long-term mortality has
been lost (37). The explanation of lower accuracy of
miRNA-208b lies in the fact that miRNA-208b, con-
trarily to miRNA-208a, is not cardiac-specific with
high expression in skeletal muscle (27, 38). Particu-
larly interesting from the clinical point of view are re-
sults from a study by Widera et al., who assessed diag-
nostic value of six circulating miRNAs in 444 subjects

with acute coronary syndrome (miRNA-1, miR-
NA-133a, miRNA-208a/b and miRNA-499). In this
study, subjects with myocardial infarction presented
with significantly higher levels of miRNA-208b, miR-
NA-133a and miRNA-1 (39). Recently, in meta-analy-
sis Cheng et al. summarized and analyzed the role of
circulating miRNAs (miRNA-1, miRNA-133a, miR-
NA-208a, miRNA-499) in the diagnosis of AMI. They
estimated an overall sensitivity of 78%, specificity of
82%, and AUC = 0.91 for overall miRNA discrimina-
tion of MI. In summary, they have also shown that
miRNA-208b had the quite high sensitivity (78%;
95%CI: 76-81%) and the highest specificity (88%;
95%CI: 84-91%) from all cardiac miRNAs included
into the study. The authors found strong correlations
between studied miRNAs and other classic biomarkers
of AMI such as cTnT, hs-cTnT, CK and CK-MB (40).

miRNA-499

MiRNA-499 belongs to a family of microRNAs
encoded by myosin genes, and is specifically encoded
by an intron of the Myh7b, a ventricular-specific myo-
sin heavy chain gene (27). MiRNA-499 is almost se-
lectively expressed in the heart tissue and has been fo-
und elevated in acute ischaemic heart injury (30, 41).
Detailed kinetics of plasma miRNA-499 expression in
clinical settings presented Chen et al. in the study on 73
patients with acute coronary syndrome. The measura-
ble increase in miRNA-499 levels was observed in all
AMI patients within 24h from the last onset of symp-
toms and returned to baseline after 7 days (40). Plasma
miRNA-499 were already detectable as early as 1 hour
after the chest pain onset in AMI subjects, and contin-
ued to rise gradually within 9 hours after onset of
symptoms (42). In other study of AMI patients with
chest pain onset < 3h, miRNA-499 was detectable in
93% when hs-cTnT was positive only in 88%, suggest-
ing that miRNA-499 can be a novel and sensitive bio-
marker for AMI (34). However, the ROC analysis in
the study by Li et al. showed no advantage for circulat-
ing miRNA-499 over cTnT in diagnosis of AMI (35).
Interestingly, miRNA-499 levels in patients diagnosed
with STEMI was significantly higher than in NSTEMI
subjects, and only in STEMI group was negatively cor-
related with the ejection fraction (34). In another im-
portant large study, Devaux at al. investigated the role
of cardiac miRNAs miRNA-208b and miRNA-499 in
well-defined population of patients with STEMI (n =
397), NSTEMI (n = 113), and healthy controls (n = 87).
The authors reported highly elevated levels of both
miRNAs (> 10

5
fold increase) in STEMI and NSTEMI

and their nearly undetectable levels in healthy patients.
Additionally, their levels correlated with peak concen-
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tration of traditional biomarkers (CK and hs-cTnT) and
overall, miRNA-499 and hs-cTnT provided compara-
ble diagnostic value with AUC = 0.97. However, com-
bining studied miRNAs did not improve the diagnostic
value of single biomarkers (34). Olivieri et al., demon-
strated in elderly patients with NSTEMI that miR-
NA-499-5p (a miRNA-499 family member) levels in-
creasenearly 80-fold in geriatric NSTEMI patients
compared with healthy controls. In their study diagno-
stic accuracy of miRNA-499-5p in differentiating
NSTEMI from acute heart failure with modest cTnT
elevation at presentation was superior to conventional
(cTnT) and high sensitivity cardiac troponin T
(hs-cTnT) (AUCmiRNA-499-5p = 0.85 vs. AUCcTnT = 0.68
vs. AUChs-cTnT = 0.70) (43). Other recent study also de-
monstrated that miRNA-499-5p was significantly hig-
her in AMI patients and was correlated with decreased
systolic function, suggesting that miRNA-499-5p may
potentially be used for the risk stratification (36).

In their previously mentioned meta-analysis
Cheng et al. indicated that from all studied miRNAs
(miRNA-1, miRNA-133a, miRNA-208a, miR-
NA-499) - miRNA-499 is most significantly associa-
ted with myocardial infarction, and has the highest sen-
sitivity (88%; 95%CI: 86-90%) and specificity (87%;
95%CI: 84-90%) for AMI diagnosis (40).

Another clinically important results were presen-
ted by Yao et al. They evaluated early prediction of pe-
rioperative myocardial infarction in patients undergo-
ing coronary artery bypass grafting (CABG) using
miRNAs (44). The levels of miRNA-133a, miR-
NA-133b and miRNA-499 levels were assessed in
CABG patients preoperatively, and 1, 3, 6, 12, 24 and
48 after aorta declamping). Interestingly, observed po-
stoperative miRNAs peak was earlier (1-3 hours) than
cTnI levels peak (at 6 hours after declamping) and pe-
ak plasma levels of miRNAs correlated significantly
with cTnI (the strongest correlation was observed for
miRNA-499, r = 0.58, p = 0.001). In prospective selec-
ted cohort of 120 CABG patients miRNA-499 measu-
red 6h after surgery revealed the highest sensitivity
(85.7%), specificity (93.3%) and AUC value (0.94;
95%CI: 0.88-0.98) for perioperative myocardial in-
farction prediction. It is also worth of underling, that
cTnI has relatively poor predictive value for identifica-
tion of perioperative AMI (sensitivity 64.3%; specific-
ity 86.5%; AUC = 0.79, 95%CI: 0.70-0.86) (44).

miRNA 133

MiRNA-133 is widely expressed in skeletal, car-
diac, and smooth muscle cells of cardiovascular sys-
tem (45). It has been proven that miRNA-133a regula-
tes cardiomyocyte proliferation. In mice model genetic

deletion of both miRNA 133a gens (miRNA-133a-1 and
miRNA-133a-2) resulted in lethal ventricular septal
defect in embryos or neonates, and dilated cardi-
omyopathy and heart failure in adult survivals (46).

In experimental rat model of AMI, circulating lev-
els of miRNA-133a were increased at 1-3 h, peaked at
3-12h, and decreased at 12-24h after AMI induced by
coronary artery ligation (30). In the study of 33 patients
with AMI, plasma miRNA-133 levels increased 4.4
fold in comparison to controls (30). The ROC curves
analysis revealed high accuracy of miRNA-133a in de-
tecting individuals with AMI (AUC = 0.87; 95%CI:
0.77-0.96). Moreover, the miRNA-133a plasma levels
strongly correlated with cTnI and were substantially
increased compared with healthy controls, the authors
suggested that miRNA-133a as a potential biomarker
may be particularly useful in early settings of AMI
(30). Similar findings were reported by D’Allesandra
et al., who observed earlier peak of miRNA-133a and
miRNA-133b (156±72 min) after the onset of AMI
symptoms than the conventional biomarkers such as
cTnI (18). However, there is some discrepancy in re-
ports on miRNA-133 in the AMI settings. In the study
by Ai et al., no significant difference in plasma levels
of miRNA-133 had been found between AMI and
non-AMI patients (47).

miRNA-1

MiRNA-1 is another well-known muscle-specific
miRNA. It is expressed mainly in cardiomyocytes and
skeletal muscles with low expression in other human
tissues. MiRNA-1 plays pivotal roles in development
and differentiation of muscles tissues, especially the
heart tissue (48). It is encoded by two genes: MIR-1-1
and MIR-1-2 located in two distinct chromosomes 18
and 20. Genetic deletion of MIR-1 gene (MIR-1-2) in
mice model resulted in late embryonic lethality and
sudden cardiac death in survivors, mainly due to
arrhythmias (49, 50). It was proven that miRNA-1 may
modulate cardiac arrythmogenic potential by targeting
the gap junction protein – connexin (GJA1), and potas-
sium ion channel (KCNj2) (50).

Studies have shown that miRNA-1 expression is
increased in both animal models and patients with
AMI. The significantly higher levels of miRNA-1 in
AMI patients plasma at hospital admission have been
found in the study by Ai et al., with the area under ROC
curve AUC = 0.77 (95%CI: 0.71 -0.84) for distinguish-
ing between AMI and non-AMI subjects. They have
also proven that miRNA-1 levels was not associated
with age, gender and other comorbidities, such as dia-
betes mellitus or hypertension, but strongly positively
correlated with size of infarct (47).
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Other miRNAs in AMI

Olivier et al. investigated diagnostic potential of
circulating miRNAs in NSTEMI geriatric patients. The
authors reported that not only miRNA-499-5p, but also
miRNA-21 levels were elevated in NSTEMI versus
acute decompensated heart failure without AMI. MiR-
NA-21 is mostly upregulated in cardiac diseases and its
contribution to myocardial disease has been shown via
an effect on cardiac fibrosis (51, 52). MiRNA-21 upre-
gulated levels were selectively found in fibroblasts of
the failing heart as a result of augmented ERK-MAP
kinase signaling activity through inhibition of sprout
homologue 1 (Spry1) (51). Of note, experimental in vi-
vo silencing of miRNA-21 resulted in antifibrotic and
antihypertrophic effect (51).

In another study by Long et. al, the significant chan-
ge of circulating endothelium-enriched miRNA-126 in a
time dependent manner has been found in AMI pati-
ents (53). Interestingly, contrary to the previously re-
ported studies, in this study miRNA-126 were downre-
gulated 70%, 48%, 64%, 90%, 58%, 82% and 93% at
4h, 84h, 12h, 24h, 48h, 72h and one week after AMI
symptoms onset in comparison to the healthy controls.
However, the ROC curves analysis showed moderate
ability of miRNA-126 to distinguish between AMI pa-
tients and healthy controls (AUC value for different ti-
me points varied between 0.83 and 0.88) (53).

Li et al. investigated the altered profile of serum
miRNAs in 117 AMI, 182 angina pectoris and 100 gen-
der- and age-matched patients in order to identify miR-
NA profile useful for the diagnosis of AMI. After ini-
tial screening and validation they identified a profile of
six serum miRNAs (miRNA-1, miRNA-134, miR-
NA-186, miRNA-208, miRNA-223 and miRNA-499)
as potential AMI biomarkers (35). The overall AUC
value for the diagnosis of AMI of signature consisting
of six identified miRNAs (AUCmiRNAs = 0.83) was hig-
her than the use of each of the single miRNAs, and hig-
her than the AUC of cTnT (AUCcTnT = 0.77) and
CK-MB (AUCCK-MB = 0.71) when comparing AMI and
unstable angina patients (35). Similar results regarding
to miRNAs signature in the course of AMI were pre-
sented by Meder at al. They have identified 121 miR-
NAs in the whole blood samples of patient with AMI
which were dysregulated when compared with con-
trols (54). Among these, miRNA-1291 and miR-
NA-663b characterized by the highest sensitivity and
specificity for the discrimination of AMI patients from
controls (specificity and sensitivity for miRNA-1291:
85% and 85%; miRNA-663b: 95% and 90%). The aut-
hors have also found with the use of a novel self-learn-
ing pattern recognition algorithm an unique signature
of 20 miRNAs which predicted AMI with even better

power than each of single miRNAs alone (specificity
96%, sensitivity 90%, and accuracy 93%) (54). The sa-
me authors in another study performed a whole-genome
miRNA kinetic study and performed serial miRNAs ex-
pression measurements to assess the kinetics of the ti-
me-dependent sensitivity of previously reported novel
miRNA biomarkers (55). The authors found a signature
of seven miRNAs (miRNa-636, miRNA-7-1*, miRNA
-380*, miRNA-1254, miRNA-455-3p, miRNA-566,
and miRNA-1291) to be dysregulated in very early
phase of AMI, and five of them appeared to be a part of
the previously discovered 20-miRNAs signature in
AMI (55). Surprisingly, miRNA-1, miRNA-133, miR-
NA-208, and miRNA-499 were not found to be among
20 of the most dysregulated miRNAs detected in the
presented study. Of note, this study was based on the
whole blood analysis, what may have substantially in-
fluenced discovered miRNA expression pattern and
thereby presented results cannot be directly compared
with others findings obtained from the studies where
serum or plasma levels of miRNAs were analyzed.

Recently, miRNA-19a has been identified as anot-
her novel potential biomarker for AMI based on a
study of 156 AMI patients and 145 control subjects.
The authors reported circulating miRNA-19a levels
approximately 122-fold higher in the AMI group com-
pared with controls. They have also concluded after
ROC curves analysis that miRNA-19a is a more accu-
rate marker for AMI (AUCmiRNA-19a = 0.997) than other
widely used biomarkers, such as CK (AUCCK = 0.81),
CK-MB (AUCCK-MB = 0.511) and hs-cTnI (AUChs-cTnI =
0.717) (56).

POTENTIAL OF miRNAs

IN CARDIOVASCULAR THERAPY

After documenting the essential role of miRNA at
the cellular level and its contribution to cardiovascular
development, several researches started focusing on the
potential therapeutic role of miRNA. The most impor-
tant difficulty in the therapeutic use of miRNAs is con-
nected with the fact that each miRNA can bind multiple
mRNA targets, affecting expression of numerous genes
and proteins. From the other hand, each mRNAhas mul-
tiple miRNAs that can bind it, what results in an extre-
mely complex and unpredictable network of reciprocal
molecular relationships. Actual potential treatment opti-
ons with the use of miRNAs imply the idea of influenc-
ing the levels of miRNAs in particular diseases. The the-
rapeutic goal can be achieved by both suppression of
miRNAs (with the use of antagomirs) as well as raising
miRNAs levels or substituting them by exogenous copi-
es (with the use of miRNA mimics) – depending on the
disease pathophysiology.
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Antagomirs

In situation when specific miRNA has a well-docu-
mented role in disease pathophysiology and its overex-
pression is considered deleterious, therapeutic silencing
can be achieved through using antisense oligonucleotides
(antagomirs) – single-stranded synthetic oligonucleoti-
des. MiRNAs expression can be affected by antagomirs
at different levels of theirs biogenesis: Š1¹ inhibition of
the pre-miRNA export to the cytoplasm, Š2¹ blocking the
transformation of pre-miRNAinto mature miRNAand its
entry into the RISC or Š3¹ through complementary bind-
ing to the specific mature miRNA within the RISC com-
plex and acting as competitive inhibitor (57). This appro-
ach is similar to previously used traditional concept of an-
tisense targeting of mRNAs, however, the potential num-
ber of targeting sites for miRNA is extremely limited in
contrast to the mRNA (57).

miRNAs mimics

Other therapeutic approach are miRNA mimics –
synthetic RNA duplex with one strand identical to the
target miRNA. When a some specific miRNA is dow-
nregulated during disease or exerts a notable beneficial
effect, it can be enhanced via miRNA mimics. Howe-
ver, special caution should be exercise in its use, beca-
use the complimentary strand may act as a separate
miRNA with incalculable effect (58). MiRNA mimics
are particularly interesting, because this type of appro-
ach is quite analogous to the small interfering RNA
(siRNA) molecules, which have been commonly used
in gen silencing (57).

Exosomal miRNA

Exosomes are 40-100 nm vesicles which are ex-
tracellular organelles important in communication bet-
ween cells. They are released from many different cells
into the extracellular space (11). MiRNAs are incorpo-
rated either into exosomes or HDL and therefore they
are quite stable (59). The another major challenge of
using exogenous miRNAs as therapeutics is their rela-
tively quick degradation by the ribonucleases present
in human plasma (19). Therefore, exosomes seem to be
ideal candidates as miRNAs carriers, because of their
stability, no immunogenicity and miRNAs protective
character (13, 60). Exosomes containing miRNAs we-
re proposed as novel stable therapeutic carriers, which
can be delivered to specific cell, and there can be func-
tionally modifying different target genes expressions
(13). Moreover, studies have proven that different cells
may differ in their capacity of exosomes incorporation,
and the surface cell receptor specificity has been indi-
cated as a crucial factor for their internalization (61).

Current status of miRNAs therapeutics

To date, the only a few miRNA-targeted therapies
entered clinical trials.

Miravirsen (SPC3649) is the first miRNA-based
drug, that is being investigated for a treatment of chro-
nic hepatitis C virus (HCV) infection by miRNA-122
inhibition (antagomir). Miravirsen acts by sequester-
ing and therefore inhibition of miRNA-122 which ap-
peared to be crucial for the propagation and stability of
HCV RNA (62). In 2013 the promising results in phase
2a trial of miravirsen showed that 5 weekly subcutane-
ous injections of miravirsen resulted in a prolonged do-
se-dependent reduction in HCV-RNA levels without
evidence of viral resistance (62). Recently, another
miRNA-based therapeutic–MRX34 (MirnaTherepeu-
tics) entered Phase I clinical trial for treatment advan-
ced or metastatic liver cancer. MRX 34 is an innovative
liposomal nanoparticle formulation loaded with the
miRNA-34a mimic as the active pharmacological in-
gredient. In preclinical studies MRX34 reduced tumor
growth and enhanced survival (63).

Several other miRNA-oriented therapeutic approac-
hes for cardiovascular diseases are also already in precli-
nical trial phase: miRNA-21, miRNA-195, miRNA-1
and miRNA-133 in cardiac hypertrophy and remodeling,
miRNA-29 in cardiac fibrosis, miRNA-133 in arrhythmi-
as, miRNA-126 in angiogenesis, miRNA-208 in heart fa-
ilure and cardiometabolic disease, miRNA-33 in athero-
sclerosis, miRNA-15 family in postinfarction left ventric-
ular remodeling and cardiac regeneration, miRNA-145 in
pulmonary hypertension, and miRNA-92a as angiogene-
tic agent (57, 64). Given the extensive bioeffects expres-
sed by miRNAs, the hopes and expectations for their suc-
cessful therapeutic use are significant.

CONCLUSIONS

Accumulating evidence indicates that circulating
miRNAs can be quantified to provide useful, stable bio-
markers for AMI. Despite the fact that results of presen-
ted studies are not fully consistent, cardiac-specific
miRNAs (miRNA-208, miRNA-499, miRNA-133 and
miRNA-1) seem to be the most promising biomarker
candidates which might improve the diagnostics of
AMI, especially in the earliest phase. The attractiveness
of miRNAs as biomarkers may lead in early future to de-
velopment of promising miRNAs-based diagnostic ap-
proach improving early diagnosis and risk stratification
in patients with AMI suspicion. Furthermore, there is
growing evidence that several miRNAs are attractive
therapeutic candidates to reduce negative cardiac remo-
deling by improving neovascularization and limiting
tissue injury, and thereby improving post-infarction he-
aling.Future miRNA-based therapeutics may offer an
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important progress in numerous clinical indications cur-
rently tested in early phase clinical trials and thus an im-
mense step towards personalized medicine.
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Sa`etak

MicroRNA KAO BIOMARKERI AKUTNOG INFARKTA MIOKARDA

— MALI MOLEKULI SA VELIKIM POTENCIJALOM

Miœkowiec Dawid,
1

Kasprzak Jaroslaw D.
1

1
Department of Cardiology, Medical University of Lodz, Poland

MikroRNA (miRNAs) predstavljaju klasu malih,
17-25 nukleotida dugih, nekodiraju}ih RNA kiselina.
One deluju kao regulatori genske ekspresije, bilo blo-
kiranjem translacije ili indukuju}i degradaciju miRNA
sekvence-specifi~nom hibridizacijom. Nekoliko miR-
NA su predlo`ene kao potencijalni biomarkeri speci-
fi~ni za kardiovaskularne bolesti. Dijagnosti~ka vred-
nost procene nivoa cirkuli{u}ih miRNA je ispitivana u
brojnim studijama, uglavnom u vezi sa akutnim infark-

tom miokarda. Obe}avaju}i inicijalni rezultati prekli-
ni~kih studija ukazuju na potencijal terapije zasnovane
na miRNA. U na{em radu se fokusiramo na aktuelna
saznanja koja pokazuju ulogu miRNA u akutnom in-
farktu miokarda, \pard fs20 nagla{avaju}i dijagno-
sti~ku korist miRNA kao obe}avaju}ih novih biomar-
kera za AIM i njihov terapeutski potencijal.

Klju~ne re~i: microRNA, infarkt miokarda, bolest
koronarnih arterija, miokard, regulacija genske ekspresije.
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